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Introduction 

Over the years the literature on the link between socioeconomic status (SES) 

and academic achievement has continuously shown that higher SES either at the 

school or student level is related to higher achievement at the middle and high school 

level (Sirin, 2005) and that lower SES is related to adverse educational outcomes such 

as dropping out (National Center for Education Statistics, 2008). The relationship 

between SES and academic achievement in college is borne out by meta-analyses 

which have shown a weak to moderate positive relationship. (Rodriguez-Hernandez et 

al., 2020, Westrick et al., 2015).  
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Conversely the relationship between low SES and low academic achievement is 

not necessarily a linear one. There appears to be specific periods in a person’s 

development that low SES has more of an effect on achievement, notably early 

adolescence (Guo, 1998). As noted in Guo’s 1998 paper the relationship between low 

SES and low academic achievement could in part be due to a lack of educational or 

tutoring opportunities available to students from a low SES background. 

The trend in the literature for the most part has been to use SES as a covariate 

as opposed to studies’ predictor variables that receive the majority of a researcher’s 

attention. This is opposed to investigating in a comprehensive manner how SES effects 

achievement (Rodriguez-Hernandez et al., 2020, Sirin, 2005). While the current study 

does not attempt to answer the question of how SES effects academic achievement, I 

will attempt to compare different methods of quantifying SES and how they relate to 

academic achievement. Due to different methods of quantifying SES being used I 

believe that certain methods will be shown have a significantly better fit to the data than 

others. 

Methods 

Data 

Data for this study was collected as part of the National Education Longitudinal 

Study of 1988 (NELS 88) and was retrieved from the National Center for Educational 

Statistics. Participants for the first year of the NELS 88 study were students in the 8th 

grade and their parents in the United States. For that first year I investigated the 

relationship between the responses of participants to items asking them about their 
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annual household income as well as the presence of certain items in the household and 

student performance on a standardized math assessment.  

Participants 

Prior to analysis there were 12,144 participants in the NELS 88 study. Due to 

some of these participants joining the study as high schoolers after the initial wave of 8th 

graders had recorded their responses and participants either not answering items that 

are required for the analysis or providing multiple responses to items that only asked for 

one response some participants were dropped from the analysis. After dropping these 

participants, I was left with 9,112 participants. The participants were fairly equivalent 

between male and female students with 4,247 students identifying as male and 4,865 

identifying as female. 6,351 students identified as White non-Hispanic which accounts 

for the majority of students. Participants responses to the item asking them to identify 

their sexual identity is summarized in Table 1, participants responses about their 

general race and ethnic background is summarized in Table 2. For participants that 

answered that they identified as Asian or Pacific Islander they were also asked to 

answer what subdivision of Asian or Pacific Islander they identified most as and their 

responses are summarized in Table 3. Participants that answered that they identified as 

Hispanic were also asked to identify what ethnicity and race they most identified as 

Participant responses to these questions are summarized in Tables 4 and 5 

respectively. 

Table 1 Participant's Sex 

Male Female 
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4247 4865 

 

Table 2 Participants General Race/Ethnic Background 

API Hispanic 

Black non-

Hispanic 

White non-

Hispanic 

American 

Indian 

623 1037 773 6351 328 

 

Table 3 Asian or Pacific Islander Participants Ethnic Subdivision 

Chinese Filipino Japanese Korean 

Southeast 

Asian 

136 111 39 81 102 

Pacific 

Islander 

South 

Asian 

West 

Asian 

Middle 

Eastern 

Other 

Asian 

31 55 11 17 40 

 

Table 4 Hispanic Participants Ethnic Subdivision 

Mexican, 

Chicano Cuban  Puerto Rican Other Hispanic 

684 46 96 211 

 

Table 5 Hispanic Participants Race Subdivision 
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Black 

Hispanic  

White 

Hispanic Other Hispanic 

29 671 337 

 

Variables of interest 

For the analyses that I performed there were two predictor variables and one 

dependent variable I was interested in. The first predictor variable I shall talk about here 

was the Yearly Household Income variable wherein participants were asked to indicate 

how much their household made in a single year based on a set of ranges (NONE, 

LESS THAN $1,000, $1,000 - $2,999, $3,000 - $4,999 etc. up to $200,000 OR MORE). 

The second predictor variable was the Item Composite variable which was the sum of 

items participants indicated they had at least one of within their household. The items 

participants were asked about are if they had a specific place for study within the house, 

a daily newspaper subscription, a regular magazine subscription, an encyclopedia, an 

atlas, a dictionary, a typewriter, a computer, an electric dishwasher, clothes dryer, 

washing machine, microwave oven, more than 50 books, a VCR, a pocket calculator, or 

if the student had their own bedroom.  

The dependent variable I was interested in was student’s performance on a 

standardized math test. 

Models 

I compared three models in my analysis. The first two models were fairly simple 

and utilized either the Yearly Household Income variable or the Item Composite variable 
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as their predictors. The third model was a hybrid that utilized both the Yearly Household 

Income variable and the Item Composite variable as predictors. All three models used 

student’s performance on a standardized math assessment as the dependent variable. 

Results 

Initial analysis was to be done using ordinary least squares regression models, 

however when testing for the presence of heteroscedasticity using the Breusch-Pagan 

test I found heteroscedasticity to be present at a significant level for both the Item 

Composite (p < 0.001) and Yearly Household Income models (p < 0.001). Because 

heteroscedasticity was found to be present in the simple models and a transformation 

did not appear to rectify the problem, I chose to utilize robust methods for estimation. 

The robust method I chose for my models was Hubert’s M-estimator.  

For the Yearly Household Income model, I found a regression coefficient of 

1.5411 between the predictor of Yearly Household Income and student performance on 

a standardized math test. The regression coefficient of this model had a 95% 

confidence interval (CI) of 1.4609 – 1.6212, this result tells me that the relationship 

between a household’s yearly income and student performance on a math assessment 

is positive and significant.  

For the Item Composite model there was found to be a slightly lower coefficient 

of 1.5411 with a 95% confidence interval of 1.2111 – 1.3667. This result shows a 

positive significant relationship between the presence of certain items in the household 

and student performance on a standardized math assessment.  
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The final model is a hybrid of both the Yearly Household Income Model and the 

Item Composite Model where I use the predictor variables from both as predictors in the 

Hybrid model. Before proceeding I should note that the presence of multicollinearity was 

checked. The Variance Inflation Factor (VIF) for both predictors was found to be 1.4448 

which is well below the threshold of 10 that determines whether we should be worried 

about multicollinearity, because no significant multicollinearity was found I proceeded 

with interpretation of the model. The hybrid model found a coefficient of 0.6790 for the 

Item Composite variable (95% CI: 0.5878 – 0.7702) and a coefficient of 1.1429 for the 

Yearly Household Income variable (95% CI: 1.0474 – 1.2384).  

Model Comparison 

For model comparison I decide to use both the Akaike Information Criterion (AIC) 

and the Bayesian Information Criterion (BIC). The BIC should penalize more complex 

models. This means that if my Hybrid model is close in its fit to the data to a simpler 

model the BIC should choose the simpler model.  

Overall, the Hybrid Model had lower AIC (67944.08) and BIC (67972.62) values 

than either the Yearly Household Income Model (AIC: 68164.78, BIC: 68186.19) or the 

Item Composite Model (AIC: 68500.54, BIC: 68521.95). The Hybrid Model not only had 

lower AIC and BIC values the difference between these values and their counterparts 

for the Yearly Household Income and Item Composite models were greater than 10 

which means that the Hybrid Model is significantly better at predicting student 

performance on a standardized math assessment than either of the simple models.  
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It should be noted that the usage of AIC to compare non-nested models is 

controversial so using it to compare the two simple models with each other should only 

be done with the knowledge that this is not a universally accepted method. For this 

reason, I also made use of Vuong’s Test for Non-nested models (Vuong, 1989). When 

using Vuong’s Test we must run two tests the first is to perform a variance test to 

establish whether both models are distinguishable, that is to say if we were to fit these 

models to the population at large would they fit the same. The result of the variance test 

had p = 0.931 which tells us that the models are likely to have the same fit when applied 

to the population at large. The second step is using Vuong’s non-nested likelihood ratio 

test which gave us a p < 0.0001 for the hypothesis that the Yearly Household Income 

Model fits better than the Item Composite Model. The results of these two tests tells us 

that while the Yearly Household Income Model fits the sample significantly better than 

the Item Composite Model this difference in fit is not likely to bear out in the population 

at large. 

Discussion 

The results of the analysis bear out my hypothesis that certain methods of 

quantifying SES provide a better fit to sample data than others. The low relative AIC of 

the Hybrid Model showed that using multiple methods as part of a model provide a 

better fit than any one method alone. Even though more complex models tend to 

provide a better fit to data there are multiple practical considerations. The first is the 

idea of overfitting, while this is not likely a problem with models that only make use of a 

couple of predictor variables this becomes more of a problem as we make the model 

more complex and reduces our ability to generalize findings.  
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Some considerations related to questionnaire length to be mindful of are the time cost 

for participants to answer any questions and the complexity of the questions. 

Participants are less likely to answer a survey that takes a long time to answer, they are 

also less likely to answer a question or series of questions that require them to recall a 

lot of information.  

When we try to quantify SES there are some things we should keep in mind while 

constructing our variables outside of the considerations listed so far. Starting with trying 

to quantify SES using household income there is first the problem of deciding to have 

participants respond with a number which could vary anywhere from 0 to infinity or 

having them select from a series of ranges (e.g., $0 - $999, $1000 - $1999, $2000 - 

$2999 etc.). If we choose to have them provide a single number there is the possibility 

of large outliers due to the lack of an upper limit. If we choose to have them select from 

a series of ranges, we have to put a limit on the upper range (e.g., have an option such 

as $200,000 +) normally due to a limited amount of space on a questionnaire form. The 

problem with this choice is if we make the upper limit too low, we run the risk of having 

data that is negatively skewed. An example of this would be if we had set the upper limit 

for income in the present study at 35,000+ we would have 4,152 of the 9,112 

participants we analyzed saying they make more than 35,000. The other method to 

consider for quantifying SES is using items that a household owns. The problem with 

using this method is that not all items may be equally conducive towards predicting what 

we want to predict. To use the present example of using SES to predict math 

achievement, a subscription to Scholastic Math is likely to be more conducive to 

learning math than a subscription to a tabloid.  
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Future studies may want to consider researching common SES variables for their 

lone predictive capabilities (e.g., when we consider household items which items appear 

to be more predictive than others in predicting math achievement). Future research may 

also want to examine different regions cost of living and how that interacts with income 

which could in turn effect the predictive ability of SES measures. An example from the 

literature is that areas with relatively low SES in the US will also tend to have less 

resources available at the local schools which can affect all students even if their 

individual family has a high SES (Sirin, 2005). 

While the scope of the present study is limited in what it can tell us that hasn’t 

already been widely observed, I believe that it can provide a starting point for us to 

consider how and why we quantify the variables we often use in research. If we 

approach the construction of our variables in a considered manner, we can identify what 

works and if a method is ineffective, we can consider changes to make it more effective 

including simply using different methods. In this way we can make our studies more 

efficient in construction. 
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